Foraging honeybees (Apis mellifera), trained with 2 successively presented targets labeled with different odors, one target baited with a small drop of 50% sucrose solution and the other baited with a small drop of 20% sucrose solution, soon come to respond more promptly on 50% than on 20% trials (prospective effect) and more promptly after 20% than after 50% trials (retrospective effect), with a pronounced interaction between the two effects. In training with unlabeled targets, the retrospective effect is absent, which argues against postingestive inhibition as an explanation, but the effect appears precipitously, along with the prospective effect and the interaction, when odor labels are introduced (Experiment 1). Three subsequent experiments provided no evidence for an associative explanation of the retrospective effect in terms of discrimination supported by adaptation-based differential reinforcement.
In recent work on the role of sucrose concentration in the learning of honeybees (Loo & Bitterman, 1992 , Experiment 3), individual foragers were trained with two successively presented targets labeled with different odors, one of which always contained a small drop of 50% sucrose solution and the other, a small drop of 20% sucrose solution. Latency of response to the targets, which was substantial at first, declined sharply with continued practice. In addition to the practice effect, there were two concentration-related effects on latency-one prospective (lower latency on 50% trials than on 20% trials), the other retrospective (lower latency after 20% reinforcement than after 50% reinforcement)-and an interaction between them (a larger retrospective effect on 20% trials than on 50% trials). The prospective effect, reminiscent of results obtained in runway experiments with rats (Goodrich, 1960; Kraeling, 1961) , is most simply explained on the assumption that associative strength increases with sucrose concentration, although a representational or incentive-motivational explanation is equally tenable. Our concern in this study is with the source of the retrospective effect.
Responding after 20% sucrose may have been speeded by something akin to frustration (Amsel & Roussel, 1952) if the animals had some expectation of 50% sucrose, but not much weight can be given to that possibility because the retrospective effect persisted long after the odor discrimination was well established. The frustration assumed to be generated in such experiments by encounters with the P. A. Couvillon, Julie A. Nagrampa, and M. E. Bitterman, Bekesy Laboratory of Neurobiology, University of Hawaii.
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Correspondence concerning this article should be addressed to M. E. Bitterman, Beke'sy Laboratory of Neurobiology, 1993 East-West Road, Honolulu, Hawaii 96822. Electronic mail may be sent to jeffb@ahi.pbrc.hawaii.edu. less-preferred reward ought to decline and disappear as expectation comes increasingly to correspond with reality (Amsel, 1992) . Neither can the retrospective effect be accounted for in terms of frustration that may have continued to be generated by the 20% odor itself (Ludvigson & Gay, 1967) , which can do no more than slow response to the odor and so enhance the prospective effect.
A second possibility is that responding after 50% sucrose was slowed by some competing postingestive influence proportional in strength to the magnitude of reinforcement-attraction to the locus of the previous reward, for example, or short-term demotivation (Seward, Pereboom, Butler, & Jones, 1957) . What is commonly called postingestive inhibition in the vertebrate literature is inferred from findings such as that the responding of rats in the second alley of a double-runway slows in proportion to the amount of food given in the first goal box (McHose & Ludvigson, 1965) or that the postreinforcement pausing of pigeons in responding for grain on a mixed fixed-interval schedule lengthens in proportion to the duration of access to the feeder (Staddon, 1970) . Of special interest in relation to the honeybee results is an experiment by Lowe, Davey, and Harzem (1974) , in which the postreinforcement pausing of rats in lever-pressing for sweetened milk on mixed schedules was found to increase with the concentration of the milk.
A third possibility, suggested by the prospectiveretrospective interaction, is that the retrospective effect is a transient contrast effect (Nevin & Shettleworth, 1966) . The prospect of 20% sucrose (signaled by the correlated odor) may have been less attractive after 50% than after 20% reinforcement, and the prospect of 50% sucrose may have been especially attractive after 20% reinforcement. Prospective-retrospective interactions suggestive of contrast have been found also in the postreinforcement pausing of vertebrates trained on multiple (rather than mixed) fixedratio schedules. In two experiments, one with pigeons (Mintz, Mourer, & Gofseyeff, 1967) and the other with rats (Griffiths & Thompson, 1973) , the ratio requirement was varied, which is especially interesting because a retrospective effect based on work rather than on magnitude of reward seems to rule out an ingestive influence. In a more recent pigeon experiment by Perone and Courtney (1992) , who varied amount of reward, pausing in the presence of the signal for small reward was much longer after large reward than after small reward, but the difference was considerably less, both absolutely and relatively, in the presence of the signal for large reward. Such an interaction does not, of course, require a contrast interpretation but may be explained (as Perone and Courtney noted) on the assumption that inhibitory influences are rather ineffective where excitation is strong.
A fourth possibility is that the retrospective effect has an associative basis. Because of sensory adaptation, 20% sucrose may taste less sweet after 50% sucrose than after 20% sucrose and therefore be less reinforcing (Couvillon & Bitterman, 1984) , whereas 50% sucrose may taste sweeter after 20% sucrose than after 50% sucrose and therefore be more reinforcing. If that is true, the animals may be thought to have been less strongly reinforced for responding to the 20% odor in compound with the aftertaste of 50% sucrose, a trace of the 50% odor, or both (50%-to-20% trials) than in compound with the aftertaste of 20% sucrose, a trace of the 20% odor, or both (20%-to-20% trials). By the same token, the animals may be thought to have been more strongly reinforced for responding to the 50% odor in compound with the aftertaste of 20% sucrose, a trace of the 20% odor, or both (20%-to-50% trials) than in compound with the aftertaste of 50% sucrose, a trace of the 50% odor, or both (50%-to-50% trials). In this view, the prospectiveretrospective interaction may be accounted for on the assumption that the sweetness of 20% sucrose was reduced much more by a prior taste of 50% sucrose than the sweetness of 50% sucrose was enhanced by a prior taste of 20% sucrose.
The experiments that we report were designed to help decide among these different interpretations of the retrospective effect. Our principal purpose in the first of them was to look for evidence of postingestive inhibition-that is, for an effect of the immediately preceding concentration apart from the possibility of anticipating the succeeding concentration. Our purpose in the second experiment was to look for evidence of discriminative control by aftertastes of the two concentrations, and in subsequent experiments it was to look directly for evidence of differential reinforcement based on adaptation.
Experiment 1
The method used in this experiment was like the method used by Loo and Bitterman (1992) , except that the 50% and 20% targets were not labeled with distinctive odors on the first 8 of 16 scheduled training visits. The change made it possible on Visits 1-8 to look for a retrospective effect uninfluenced by differential anticipation of reward. With shuttling already well established when the odors eventually were introduced on Visits 9-16, we hoped also that the development of the prospective effect and any component of the retrospective effect that might be tied to labeling would be seen more clearly.
Method
Subjects. The subjects were 18 foraging honeybees (Apis mellifera) from our own hives situated near the laboratory. All were experimentally naive.
Procedure. The training situation was the same as that used by Loo and Bitterman (1992) . It consisted of two immediately adjacent windows (each 55 cm wide and 55 cm high) separated by a thin (2 cm) wooden partition around which the animal was required to fly to reach one window from the other. In the pretraining, experience with both windows was given. From a group of foragers at a feeding station with 10%-12% sucrose solution, a single animal selected at random was carried to the laboratory and set down at a large drop ( > 150 /u,l) of 50% sucrose solution on a target scented both with peppermint and geraniol, the odors to be used in the subsequent training. The target was centered on the sill of one of the two windows (the left window for half the subjects and the right for the rest). There the animal was marked with a spot of colored lacquer as it fed to repletion, after which it was permitted to leave for the hive. Typically, the animal returned to the laboratory after a few minutes, continuing to forage there as long as sucrose was available. If the marked animal did not return to the window after its first placement, it was carried there from the feeding station, where it usually could be found, and placed again on a (doubly scented) pretraining target. When the animal did return to the first window, it was picked up after a few seconds of feeding and placed on another pretraining target centered on the sill of the alternative window, where it was permitted to feed to repletion. On subsequent visits, a pretraining target was presented twice at the second window and once more at the first. The pretraining ended after the animal had returned twice to each window of its own accord. On the second visit to each window, the target contained a large drop of 20% sucrose.
The targets used were covered petri dishes of gray plastic, 5.5 cm in diameter. In each cover, eight equally spaced holes, 0.5 cm in diameter, were drilled at the outer circumference. The dishes themselves contained cotton batting that could be impregnated with scents. In all, there were four sets of targets: a set of targets scented with both peppermint and geraniol for use in the pretraining; a set of unscented targets used on the first 8 training visits; and two other sets, one scented with peppermint alone and the other with geraniol alone, that were used on the last 8 training visits and in the terminal preference test. The covers of the targets used on each visit were washed and exchanged for others in the corresponding sets after the visit in order to randomize extraneous stimuli.
Arriving from the hive on each of the first 8 training visits, an animal found an unscented target baited with a 5-pA drop either of 50% or of 20% sucrose solution centered on the sill of one of the windows, the left on half the visits and the right on the rest, in balanced sequence. When the animal landed on the target and made contact with the sucrose, an identical target baited with a 5-pil drop either of 50% or 20% sucrose solution was placed on the sill of the adjoining window. After ingesting the sucrose on the first target, the animal left it (whereupon the first target was removed) and went to the target in the adjoining window. The time between leaving the first target and landing on the second target was recorded by a computer. Then a third target was placed on the sill of the arrival window, the time between departure from the second target and landing on the third was measured, and so forth, until the animal was replete and left of its own accord for the hive (to return 4-5 min later for another series of trials). An animal ingested about 50 /A! on each visit, which meant about 10 trials (5 with each concentration) on each visit, or 80 trials in all on Visits 1-8.
Visits 9-16 were like visits 1-8, except that the targets were scented, the 50% targets with geraniol and the 20% targets with peppermint for half the animals, and the reverse for the rest. Throughout the training, as in the reference experiment by Loo and Bitterman (1992) , the scheduling was such that there were no more than three trials of each kind in sequence, with as many 50% triplets as 20% triplets, as many 50% doublets as 20% doublets, as many single 50% as single 20% trials, and equal frequencies of 50%-to-50%, 50%-to-20%, 20%-to-20%, and 20%-to-50% transitions.
Arriving from the hive after its last training visit, each animal was given an unrewarded choice test. Two targets, one scented with peppermint and the other with geraniol, were set 10-cm apart on the sill of the right window, the lateral arrangement of the targets balanced over subjects. Now, instead of a 5-/nl drop of sucrose, each target contained a large drop of water, which was unacceptable to the animals and distinguishable from sucrose only by taste. In accordance with our standard practice, the test lasted for 10 min, during which all contacts of the animal (however brief) with each of the targets were recorded on counters programmed to print stored frequencies at 30-s intervals.
Results
Plotted in Figure 1 is the mean natural log latency of response on each visit for 50%-to-20% trials, 20%-to-20% trials, 50%-to-50% trials, and 20%-to-50% trials. Latency of response declined sharply at the outset (the animals learned to shuttle between the windows with increasing Mean natural log latency of response on 50%-to-20% trials, 20%-to-20% trials, 50%-to-50% trials, and 20%-to-50% trials in each phase of training in Experiment 1. alacrity), but the curves did not differ among themselves on the 8 visits before the introduction of the odors. A factorial analysis of variance based on the data of the first 8 visits showed significant change over two blocks of 4 visits, F( 1, 16) = 249.07, p < .0001, and over visits within blocks, F(3, 48) = 26.20, p < .0001, but neither a significant prospective effect (F < 1)-which rules out the possibility that upcoming reinforcements were inadvertently signaled-nor a significant retrospective effect, F(l, 16) = 4.29, p > .05, nor a Prospective X Retrospective interaction (F < 1). An analysis of the same kind based on the data for the 8 visits after the introduction of the odors (Visits 9-16) yielded no significant change over two blocks of four visits (F < 1) or over visits within blocks (F < 1) but both a significant prospective effect, F(l, 16) = 20.99, p < .001, and a significant retrospective effect, F(l, 16) = 38.96, p < .0001. The analysis also yielded a significant Prospective X Retrospective interaction, F(l, 16) = 8.46, p = .01; that is, both effects combined to produce sharp divergence of the 50%-to-20% curve from the other three, which differed significantly among themselves, F(2, 34) = 6.42, p = .01. Further analysis yielded a significant retrospective effect on 50% trials, F(l, 17) = 10.08, p = .01, for 50%-to-50% versus 20%-to-50%, but not a significant prospective effect after 20% trials, F(l, 17) = 2.70, p > .05, for 20%-to-20% versus 20%-to-50%.
A striking feature of the results is the early appearance of differential responding with the introduction of the odors, which bears out estimates from modeling experiments that the rate of learning in honeybees trained in such situations is high (Couvillon & Bitterman, 1991; Fischer, Couvillon, & Bitterman, 1993) . In any case, the appearance of a retrospective effect only on Visits 9-16, when the concentrations were labeled, suggests that postingestive inhibition does not play a very important role. A retrospective effect on Visits 1-8 may have been open also to an interpretation in terms of frustration on the assumption that targets baited with 20% sucrose were responded to in the generalized expectation of the higher concentration or, owing to averaging, a concentration intermediate between the two but preferable nevertheless to the lower (Ludvigson & Gay, 1967) .
In Figure 2 , performance in the terminal preference test is plotted in terms of the mean cumulative number of responses to the 50% and 20% odors in successive 30-s intervals. Analysis of variance yielded a significant stimulus effect, F(l, 16) = 55.25, p < .0001, a significant effect of 2.5-min blocks, F(3, 49) = 23.68, p < .0001, and a significant Stimulus X Block interaction, F(3, 48) = 19.23, p < .0001. These results, like those of Loo and Bitterman (1992) , showed the clear preference of the subjects for the 50% odor.
Experiment 2
In the first phase of this experiment, just as in Experiment 1, foragers were trained with unlabeled 50% and 20% targets for 8 visits. In the second phase, attention was focused on the especially large retrospective effect that appeared on 20% trials of Experiment 1 after the introduction of the odors, and the question asked was whether that effect might be due to compound discrimination supported by adaptation-based differential reinforcement. A target labeled with a given odor (say, geraniol) and always baited with 20% sucrose solution was preceded half the time by a target baited with 50% sucrose solution (50%-to-20% trials) and half the time by a target baited with 20% sucrose solution (20%-to-20% trials). The procedure was such that the preceding sucrose concentration may have played two roles, influencing (through adaptation) the reinforcement value of the 20% sucrose and helping (as a stimulus trace) to predict that reinforcement value. If the animals were less strongly reinforced for response to geraniol in compound with the aftertaste of 50% sucrose than to geraniol in compound with the aftertaste of 20% sucrose, a difference in latency like that found on the 50%-to-20% as compared with the 20%-to-20% trials of Experiment 1 might be found in this experiment as well. Lack of a difference would weigh against an associative interpretation of the retrospective effect.
Method
Subjects. The subjects were 8 foraging honeybees, all experimentally naive, from our own hives.
Procedure. The training situation used in Experiment 1 was used again. The technique of recruiting subjects also was the same, except that the pretraining targets were scented only with the single odor to be used in the subsequent training, peppermint for half the animals and geraniol for the rest. The training targets were unscented on Visits 1-8 (again with an average of 10 trials per visit), and they contained 5-/J.1 drops of 20% or 50% sucrose solution equally often in balanced sequence. On Visits 9-16, the targets were unscented on half the trials, and on the remaining trials they were labeled with the odor used in the pretraining. As before, the unscented targets contained 5 /il of 20% sucrose on half the trials with them and 5 /il of 50% sucrose on the rest, but the scented targets always contained 5 /j.1 of 20% sucrose. The balanced sequence of trials with the scented and unscented targets was such that the scented targets were half the time preceded by 50% sucrose (always on unscented targets) and half the time by 20% sucrose (equally often on scented and unscented targets); that is, the effective sweetness of sucrose on a scented target (as hypothetically determined by adaptation) could be perfectly predicted on the basis of the preceding concentration. Figure 3 is the mean natural log latency of response on each visit for 50%-to-20% trials and 20%-to-20% trials. As in Experiment 1, latency of response to the unscented targets fell sharply over the first 8 visits, F(7, 49) = 47.26, p < .0001, without a significant retrospective effect, F(l, 7) = 1.69, p > .05, or a significant interaction with visits (F < 1). In the subsequent training, when the possibility of differential compound conditioning was introduced, latency continued to decline, F(7, 49) = 3.80, p < .01, but with no significant difference in response to the odor on 50%-to-20% trials as compared with 20%-to-20% trials (F < 1) and no significant interaction with visits (F < 1). The mean natural log latency of response to the scented targets was 2.1 after unscented 50% trials, 2.2 after unscented 20% trials, and 2.0 after scented 20% trials. One way to explain these negative results is on the assumption that the differentially reinforced compounds were more similar to each other than those hypothetically discriminated in the previous experiment, which may have been distinguished by odor traces as well as by residual tastes, although it may be argued with equal force that the conditional problem presented by the four compounds of Experiment 1 was, if anything, more difficult. The little we know about conditional discrimination in honeybees (Couvillon & Bitterman, 1988) suggests, in fact, that it develops too slowly to account for the precipitous appearance of a retrospective effect in the second phase of Experiment 1. Another explanation of the negative results of Experiment 2-and one much more easily tested than the first-is that adaptation-based differential reinforcement, if any, was not sufficient to support differential responding.
Results

Plotted in
Experiment 3
Our purpose in this third experiment was to look directly for evidence of adaptation-based differential reinforcement entirely apart from a compound-discrimination requirement. The procedure was like that in Experiment 2 except that the 20% targets used in Visits 9-16 were scented differently on the 50%-to-20% trials than on the 20%-to-20% trials. A target labeled with one odor (say, geraniol) and baited with 20% sucrose solution always was preceded by a target baited with 50% sucrose solution (50%-to-20% trials); a target labeled with a different odor (say, peppermint) and baited with 20% sucrose always was preceded by a target baited with 20% sucrose solution (20%-to-20% trials). Adaptation-based differential reinforcement alone was expected to produce less rapid response to geraniol than to peppermint in training, as well as a preference for geraniol in a subsequent choice test with the two odors.
Method
Procedure. The training situation, the technique of recruiting subjects, and the pretraining procedure were exactly the same as in Experiment 1. The training on Visits 1-8 was again with unscented targets baited with 5 /il of 20% sucrose solution on half the trials and, in balanced sequence, 5 jil of 50% sucrose solution on the rest (about 10 trials per visit). On Visits 9-16, as in Experiment 2, the targets were unscented on half the trials, baited with 5 /il of 20% sucrose solution on half of those trials and 5 /il of 50% sucrose solution on the rest. On the remaining trials, geraniolscented and peppermint-scented targets always baited with 5 /il of 20% sucrose were used, geraniol on half of those trials and peppermint on the rest. For half the animals, geraniol trials always were 50%-to-20% trials (preceded by 50% sucrose), and peppermint trials were 20%-to-20% trials (preceded by 20% sucrose presented equally often on unscented and peppermint-scented targets); for the remaining animals, the 50%-to-20% odor was peppermint, and the 20-to-20 odor was geraniol. Figure 4 is the mean natural log latency of response on each visit for 50%-to-20% trials and 20%-to-20% trials. As in Experiments 1 and 2, latency fell sharply over the 8 visits to unlabeled targets, F(l, 49) = 20.64, p < .0001, without a significant retrospective effect (F < 1) or a significant interaction with visits (F < 1). On the next 8 visits, latency continued to decline, F(l, 49) = 3.45, p = .01, but despite the possibility of adaptation-based differential reinforcement, with neither a significant stimulus effect (F < 1) nor a significant interaction with visits (F < 1). The mean natural log latency of response was 2.3 to the 50%-to-20% odor, 2.2 to the 20%-to-20% odor after unscented 20% trials, and 2.3 to the 20%-to-20% odor after scented trials with the 50%-to-20% odor. In Figure 5 , performance in the unreinforced choice test is plotted in terms of the mean cumulative number of responses to the 50%-to-20% and 20%-to-20% odors in successive 30-s intervals. Analysis of variance yields a significant effect of 2.5-min blocks, F(3, 21) = 8.76, p < .001, but neither a significant preference for the 20%-to-20% stimulus (F < 1) nor a significant interaction (F < 1).
Results
Plotted in
Experiment 4
Although the results of Experiments 2 and 3 can be construed to rule out an associative explanation of the Figure 5 . Mean cumulative number of responses to the 50%-to-20% and 20%-to-20% odors in the preference test that followed the training in Experiment 3.
30-S INTERVALS
retrospective effect found in Experiment 1, in particular, the slower responding on 50%-to-20% as compared with 20%-to-20% trials, the possibility of differential reinforcement based on adaptation seemed worth pursuing further. Where an animal feeds to repletion from a single large drop of sucrose solution on each visit (20% on some visits and 50% on others), clear evidence of an adaptation-based difference in the acceptability of the lower concentration appears: On encountering a large drop of 20% sucrose, the animal breaks off contact with it several times before settling down to continuous feeding, with more interruptions on a 20% visit preceded by a 50% visit than on a 20% visit preceded by a 20% visit (Couvillon & Bitterman, 1984) . No such interruptions were evident in our work with 5-/il drops, presumably because there was less opportunity for adaptation than in the course of feeding to repletion. The purpose of this fourth experiment was to determine whether positive results might be obtained in an experiment like the third if drops of somewhat larger volume were used, specifically, 10 rather than 5 /xl (about l/5th rather than 1/10 of the average volume of sucrose taken on each visit). The increase in the volume of the drops meant a reduction by half in the number of training trials (40 rather than 80 trials on the average in each block of 8 visits), which was of no great concern given the precipitous appearance of the 50%-to-20% effect with the introduction of odors in the reference experiment (see Figure 1) . Nevertheless, the number of subjects trained was increased to twice that of Experiment 3 in order to increase the reliability of the results.
Method
Subjects. The subjects were 16 foraging honeybees, all experimentally naive, from our own hives.
Procedure. Except for an increase in the amount of reward from 5 /xl to 10 /u.1, the procedure was exactly the same as in Experiment 3. Figure 6 is the mean natural log latency of response on each visit for 50%-to-20% trials and 20%-to-20% trials. As in the previous experiments, latency fell sharply over Visits 1-8, F(7, 105) = 18.70, p < .0001, without a significant retrospective effect (F < 1) or a significant interaction with visits (F < 1). On Visits 9-16, latency continued to fall, F(7, 105) = 5.12, p < .0001, but despite the increased possibility of adaptation-based differential reinforcement-attributable to the doubled volume of sucrose given on each trial-without a significant stimulus effect (F < 1) or a significant interaction with visits (F < 1). The mean natural log latency of response to the 50%-to-20% odor, to the 20%-to-20% odor after unscented 20% trials, and to the 20%-to-20% odor after scented trials with the 50%-to-20% odor was 2.3 in each case. In Figure 7 , performance in the unreinforced choice test is plotted in terms of the mean cumulative number of responses to each of the odors in successive 30-s intervals. Analysis of variance yields a significant effect of 2.5-min blocks, F(3, 21) = 29.69, p = .001, but neither a significant preference for the 20%-to-20% stimulus (F < 1) nor a significant interaction with blocks (F < 1).
Results
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Discussion
The results obtained in the second phase of Experiment 1 replicate those of the previous experiment by Loo and Figure 7 . Mean cumulative number of responses to the 50%-to-20% and 20%-to-20% odors in the preference test that followed the training in Experiment 4. Bitterman (1992) on successive odor discrimination in honeybees as a function of sucrose concentration. Both experiments show a prospective effect, a retrospective effect, and an interaction between them; the retrospective effect is much larger in the presence of an odor that signaled 20% sucrose solution than in the presence of an odor that signaled 50% sucrose solution. The same pattern of results appeared also in recent work by Perone and Courtney (1992) on the postreinforcement pausing of pigeons trained on multiple fixed-ratio schedules with different amounts of reward signaled by different key colors. Whatever the similarities or differences in the underlying mechanisms may be, this work provides an interesting addition to the already long list of striking behavioral similarities that have been found in comparative experiments on learning in honeybees and vertebrates (Bitterman, 1988) .
30-S INTERVALS
A difference between our results and those for pigeons is that the honeybees showed no significant postingestive effect in any of the four experiments when in the first phase of training, the two concentrations were unsignaled, but Perone and Courtney (1992) did find a rather small postingestive effect in mixed schedules, and such effects have been found also, as already noted, in double-runway and mixed-schedule experiments with rats (e.g., Lowe et al., 1974; McHose & Ludvigson, 1965) . A postingestive effect may, of course, have appeared in the course of further training with the unlabeled targets, and if our predictions on the assumption of adaptation-based differential reinforcement had been confirmed, further work with unlabeled targets would have been necessary to examine the possibility of delayed postingestive inhibition. Whether or not a retrospective effect may eventually be demonstrated in honeybees trained with unlabeled targets, it is clear that we must look elsewhere than to postingestive inhibition for an explanation of the retrospective effect that developed so quickly with the labeling of the two concentrations in the second phase of Experiment 1.
The results of Experiments 2-4 provide no support for an associative explanation of the retrospective effect in terms of compound discrimination or for the assumption of adaptation-based differential reinforcement that is fundamental to it. The results of Experiments 3 and 4, uniformly negative with respect to the possibility of adaptation-based differential reinforcement, are interesting also quite apart from their implications for the interpretation of the retrospective effect. The role of sucrose concentration in the learning of honeybees is best studied in within-subjects designs because there is no suitable way in between-subjects designs to control for nutritive level, and it has seemed reasonable to suspect that-with the same animals exposed in quick succession to two concentrations-the difference in reinforcement value may be enhanced by adaptation. We now have less reason to suppose that there is a substantial effect of adaptation on reinforcement value when the volume of sucrose is small.
The contrast interpretation of the retrospective effect, which implies that the odor encountered on a given trial is evaluated in relation to temporarily persisting products of the experience on the immediately preceding trial, leads to questions about the nature of those products and of their influence. A present odor may be compared with a trace of the preceding odor in terms of the sucrose concentrations with which the two odors have been paired and representations of which they may now evoke, or the critical context for reaction to the present odor may be provided by the level of excitation or activation generated by the preceding odor and its accompanying reinforcer. There is evidence already of more stable successive incentive contrast in honeybees. In an experiment by Couvillon and Bitterman (1984) , foragers were permitted to feed to repletion on some visits from a large drop of 20% sucrose solution presented on one target (A) and on other visits from a large drop of 50% sucrose solution on a different target (B). Interruptions of feeding showed the 20% solution to be less acceptable (apart from adaptation) than the 50% solution, and even less acceptable when it was encountered on Target B (formerly the 50% target) than on Target A. Analogous results for vertebrates have long been taken as evidence that rewards are remembered as such (Tolman, 1932) . Further analysis of the retrospective effect in relation to the question of contrast will be instructive.
